Summary Misclassification of the oestrogen status of a human breast tumour cytosol, arising from different sources and magnitudes of error in the dextran-coated charcoal (DCC) method, have been investigated using both practical and computer simulated data analysed by Scatchard (Haybittle et al., 1982) . A recent gathering of experts (Consensus Meeting, 1980), has, however, confirmed the effectiveness of the dextran-coated charcoal (DCC) receptor assay for the determination of receptor levels and it now forms the basis on which prognostic investigations are currently being established.
There is now considerable evidence to indicate that the management of patients with carcinoma of the breast can be improved by the use of oestradiol-17# receptor (ER) assays . In patients with advanced disease, there is a good correlation between the receptor status of metastatic tissue and response to endocrine therapy (McGuire et al., 1978) . Furthermore, not only has a good relationship been observed between the receptor status of the primary tumour and subsequent response of the patient when the disease recurs (Jensen et al., 1976; Nicholson et al., 1981) but the receptor status, in association with various clinical parameters, such as tumour grade and nodal involvement, may be of particular value for the selection of high risk patients for adjuvant therapy following mastectomy (Haybittle et al., 1982) . A recent gathering of experts (Consensus Meeting, 1980) , has, however, confirmed the effectiveness of the dextran-coated charcoal (DCC) receptor assay for the determination of receptor levels and it now forms the basis on which prognostic investigations are currently being established.
This report evaluates the effect of certain practical inefficiencies in this methodology, such as the presence of non-specific binding which can affect quantitation (Wilson et al., 1971; Chamness & McGuire, 1975) . By using the appropriate model for curve-fitting of binding data, the study provided estimates of oestrogen receptor concentrations that can be distinguished from zero, based on either the probability of detection, using practical laboratory data, or criteria derived from computer simulation studies. The data generated are of interest in relation to the establishment of the hormone sensitivity of tumours with low cytosol receptor levels and may be useful in assessing the possibly improved procedures for receptor measurement using monoclonal antibodies to receptor protein.
Materials and methods
Oestradiol-17/B receptor assay Breast tumour tissue was stored in liquid N2 and assayed within 2-3 weeks after surgery. Tissue (%0.5g) was cut into small pieces, pulverised into a fine powder in an all-glass homogeniser in 3 ml buffer (1OmM TRIS; 1 mM EDTA; 10% v/v glycerol; 5mM dithiothreitol; pH = 7.4). The high speed supernatant (100pl; 105,000 g for 60 min) was incubated for 16h at 4°C with lOOul of one of 10 concentrations of [3H] oestradiol (Sp. act. -100 Ci mmol-1), ranging from 0.2-5.0 nmol 1 buffer. Aliquots of these solutions were taken for counting and from a knowledge of the counting efficiency and the specific activity a "better" estimate of oestradiol mass added to the incubation medium was calculated. Similar incubations were established in the absence of cytosol to assess the inefficiency of the procedure for separating free from bound hormone, which used DCC (200 gl; 0.5% gelatin, 0.05% dextran; 0.5% charcoal in TRIS buffer; 30 min at 4°C). Parallel incubations contained 100-fold excess of diethylstilboestrol at each oestradiol concentration to assess non-specific binding. This assay has been used for all the receptor analyses associated with the Tenovus-Nottingham breast studies (Nicholson et al., 1981 
Statistical analysis
The practical data provided the total count rate (T) in the incubation medium which is a measure relating to oestradiol concentration, the inefficiency (X) of charcoal adsorption of free steroid, and the observed non-specific (NSB) and specific (S) count rates bound to the receptor site. Equations were derived to obtain estimates of the following true parameters: non-specific (N) and specific (S') count rates bound to receptor sites; the "available" hormone concentration, which is related to the count rate (T') that is free to react with specific binding sites; and the ratio of specifically bound to free oestradiol (R) in the incubation. These equations are published elsewhere by Richards et al. (1983) . The corrected binding data were then used to elicit the binding site concentration (q), using least squares regression analysis based on the linear Scatchard and non-linear Mass Action models. The relative biases associated with these models were then assessed. The sensitivity of detecting receptor levels as being distinct from zero was also evaluated using these corrected binding data. found to be superior ( Table I) .
As an example, the coefficient of variation of an assay result (CVR/p) expressed in fmol mg-1 protein (Rf/p) was determined using the propagation of errors method (Melissinos, 1966) Limits of Detection: Simulated data Simulation studies were undertaken to compare the Scatchard and non-linear least squares models. These used "corrected" data at low levels of receptor concentration, for selected values of both nonspecific binding and inefficiency of separating free from bound oestradiol and their associated uncertainties, together with those for specifically bound ligand. Certain criteria were used in the simulation studies, which are in-line with analytical practice, to ascertain the "minimum" detectable concentrations of receptor site distinguishable from zero. These criteria were (a) that for the Scatchard plot, 5% or less of the 40 data sets produced negative receptor values and (b) for the non-linear least squares method, 5% or less of the data sets failed to provide a convergent solution in the calculation of receptor content. To test the separate effect of the inefficiency of separation, (X), and non-specific binding, (N), on the minimum detectable receptor site concentration, either X or N were set equal to zero together with their respective uncertainty and that of specific binding, as described elsewhere (Richards et al., 1983) . However, an evaluation of the separate effects of inefficiencies on the reliable estimation of uncertainties for both models does not reflect the practical situation where interactions of uncertainties in from different sources of inefficiencies in the analytical system are present. To overcome this deficiency, not discussed by Richards et al., (1983) The value of the inefficiency of separating free from bound hormone is 1% (CV=30%). The simulation data in Table I in specific binding is 10%, the inefficiency of separation is 1% (CV= 30%) and the non-specific binding is (a) 5% (CV=10%), (b) 5% (CV=20%), (c) 10% (CV=10%) and (d) 10% (CV=20% 
